1 


Ford Disclosure No. 198-1162 


THERMALLY SPRAYED ARTICLES AND METHOD OF MAKING SAME 


BACKGROUND OF THE INVENTION 


1 . Field of the Invention 

The present invention relates generally to 
10 thermal spraying and, more specifically, to thermally 
sprayed articles and a method of making thermally sprayed 
articles . 


2 . Description of the Related Art 

15 It is known to thermally spray articles. In 

thermal spraying, a thermally sprayed article is produced 
using a wire-arc spraying. In wire-arc spraying, 
electric current is carried by two electrically 
conductive, consumable wires with an electric arc forming 

20 between wire tips of a wire arc gun. A high-velocity gas 
jet blowing from behind the consumable wires strips away 
the molten metal, which continuously forms as the wires 
are melted by the electric arc. The high-velocity gas 
jet breaks up or atomizes the molten metal into finer 

25 particles in order to create a fine distribution of 
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molten metal droplets. The atomizing gas then 

accelerates the molten metal droplets away from the wire 
tips to the article where the molten metal droplets 
impact the article to incrementally form a deposit on the 
5 article. 

Thermal spraying is typically used for 
tribological applications and for component 
manufacturing. Some of the current applications include 
Q engine block bore coatings, valve seat inserts, steering 

yp 10 stop coatings, body joint fillers and tooling. The 

n i 

St Achilles' heel of thermally sprayed materials, 

S3 particularly when considered for component manufacturing 

s (such as in tooling and valve seat inserts for example) 

rn is their machineability . During the thermal spraying 

"~ 15 process, the molten metal droplets are formed and stacked 

£7 on the article to be thermal sprayed. As a result, the 

machining of thermally sprayed articles generally 
involves a lot of interrupted bi-metallic and 
ceramic/metal cuts. This is detrimental to tool life and 
20 poses a problem of reproducibility of machined surfaces. 
Moreover, since most of the molten metal droplets 
generally have particle sizes ranging from 2 to 50 
micrometers, the chips produced are of the same 
magnitude. As a result, expensive ultra-filtration 
25 operations are often required to capture the machined 
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chips. Even then, machining-generated ultrafine 

particles (less than a few micrometers in size) generally 
remain in machining fluids and reduce the life of coolant 
recirculation pumps . 
5 Although the above process for thermally 

spraying articles has worked well, it is desirable to 
improve the machinability of thermally sprayed articles. 
It is also desirable to produce a thermally sprayed 
article that has larger chips when machined. It is 
10 further desirable to produce a thermally sprayed article 
that has reduced cost. 


SUMMARY OF THE INVENTION 

Accordingly, the present invention is a 
15 thermally sprayed article. The thermally sprayed article 
has an inner layer of a metal material with a first 
predetermined thickness. The thermally sprayed article 
also has an outer layer formed on the inner layer of a 
composite made of a polymer and the metal material with a 
20 second predetermined thickness. 

Also, the present invention is a method of 
making a thermally sprayed article. The method includes 
the steps of providing an article to be thermally 
sprayed. The method also includes the steps of thermally 
25 spraying a metal material against the article to form an 
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inner layer having a first predetermined thickness and 
co-depositing a polymer and the metal material against 
the inner layer to form an outer layer having a second 
predetermined thickness . 
5 One advantage of the present invention is that 

a highly machinable thermally sprayed article and method 
of making the article is provided. Another advantage of 
the present invention is that the method improves the 
machinability of thermally sprayed articles by modifying 

10 the outer layer to be machined. Yet another advantage of 
the present invention is that the method decreases the 
hardness and increases the plasticity and lubricity of 
the outer layer while the hardness of the inner layer 
remains unchanged. Still another advantage of the 

15 present invention is that the method provides a way to 
connect splats and avoid interrupted cuts of the 
thermally sprayed article. A further advantage of the 
present invention is that the method produces thermally 
sprayed articles that, when machined, have long and 

20 curled machined chips that are easy to recover. 

Other features and advantages of the present 
invention will be readily appreciated, as the same 
becomes better understood after reading the subsequent 
description taken in conjunction with the accompanying 

25 drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary elevational view of a 
thermally sprayed article, according to the present 
5 invention. 

FIG. 2 is an elevational view of a first step 
of a method, according to the present invention, of 
making the thermally sprayed article of FIG. 1. 

FIG. 3 is a view similar to FIG. 2 illustrating 
10 a second step of the method. 

FIG. 4 is a view similar to FIG. 2 illustrating 
a third step of the method. 

FIG. 5 is a view similar to FIG. 2 illustrating 
a fourth step of the method. 
15 FIGS. 6A and 6B are diagrammatic views of chips 

produced during machining of conventionally thermally 
sprayed articles and thermally sprayed articles of FIG. 
1, respectively. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 

Referring to the drawings and in particular 
FIG. 1, one embodiment of a thermally sprayed article 10, 
according to the present invention, is shown. The 
thermally sprayed article 10, in this embodiment, is a 
25 cylindrical hollow rod to be used for a valve seat 
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application. It should be appreciated that the thermally 
sprayed article 10 may be used in various applications 
such as engine block bore coatings, valve seat inserts, 
steering stop coatings, body joint fillers and tooling. 
5 The thermally sprayed article 10 has an inner 

layer 12 of a bulk material with a predetermined 
thickness. The bulk material is a metal material. Metal 
materials usable for thermal spraying include metals such 
as aluminum and high temperature high strength carbon 

10 steel. These include certain tool steels such as A2 and 
plain carbon steel with (0.8% carbon by weight) as well 
as maraging steels. Maraging steels are difficult to 
machine and are seldom used for tooling, but can be 
readily spray formed to produce a desirable 

15 microstructure . 

The thermally sprayed article 10 also has an 
outer layer 14 formed on top of the inner layer 12 with a 
predetermined thickness. The outer layer 14 is a 
composite made of the metal material used for the inner 

20 layer 12 and a polymer such as a thermoplastic polymer, 
for example, polyethylene or a thermoset polymer. The 
predetermined thickness of the outer layer 14 is less 
than the predetermined thickness of the inner layer 12. 
The outer layer 14 has a hardness less than a hardness of 

25 the inner layer 12. For example, the outer layer 14 may 
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have a surface hardness of 20 Rockwell C while the inner 
layer 12 may have a surface hardness of 50 to 60 Rockwell 
C. 

Referring to FIGS. 2 through 5, the thermally 
5 sprayed article 10 is made by a method, according to the 
present invention. The method includes providing an 
article 16 and thermally spraying a metal material 
against the article 16 as illustrated in FIG. 2. Such 
step is desirably carried out by the wire arc process 

10 using a wire arc gun 20 previously described. Another 
method to carry out the step of thermally spraying is the 
osprey process wherein a semi-solid slurry of hardenable 
metal material is sprayed from an induction heated nozzle 
supply and is impelled against the article 16 with a high 

15 velocity due to the high-pressure gases that atomize the 
molten fluid. Metal droplets are formed from a melt that 
is atomized by gas (not from wire or powder) . Continuous 
spraying is carried out to build up a layer that exceeds 
at least one-quarter (Va) inch in thickness, at its 

20 thinnest section. The method includes the step of 
forming the inner layer 12 to a first predetermined 
thickness as the thermal sprayed metal material is 
applied and built up on the article 16 as illustrated in 
FIG. 3. It should be appreciated that thermal spraying 

25 is conventional and known in the art. 
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Once the inner layer 12 is formed, the method 

includes the step of co-depositing a polymer and the 

metal material against the inner layer 12 as illustrated 

in FIG. 4. During the final stages of thermal spraying, 

5 such step is desirably carried out using a flame spray 

gun 20 and a polymer, preferably a low cost stable 

thermoplastic polymer. The method includes the step of 

forming the outer layer 14 to a second predetermined 

O thickness as the metal material from the thermal spray 

.f=. 

@ 10 gun 18 and the polymer from the flame spray gun 20 are 

SJ applied and built up on the inner layer 12 as illustrated 

ED in FIG. 5. It should be appreciated that flame spraying 

5 is conventional and known in the art. 

fn The completed thermally sprayed article 10 will 

15 have the required bulk structure or inner layer 12 and 
rf properties with a soft and continuous outer layer 14 that 

can be easily machined. FIG. 6A shows the types of chips 
produced during lathe machining for conventional 
thermally sprayed articles and FIG. 6B shows the types of 
20 chips produces during lathe machining for the thermally 
sprayed articles 10. The machined chips of FIG. 6B are 
long and curled as compared to the machined chips of FIG. 
6A. The machined chips of FIG. 6B are produced with 
conventional carbide machining tools whereas the machined 
25 chips of FIG. 6A are produced with conventional diamond 
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machining tools. The machined chips of FIG. 6B have a 
size of approximately one(l) to three (3) millimeters 
whereas the machined chips of FIG. 6A have a size of 
approximately fifty (50) to one-hundred ( 100 ) micrometers. 
5 It should be appreciated that ultrafiltration is not 
required for the machined chips of FIG. 6B of the 
completed thermally sprayed article 10. 

The present invention has been described in an 
illustrative manner. It is to be understood that the 
10 terminology, which has been used, is intended to be in 
the nature of words of description rather than of 
limitation . 

Many modifications and variations of the 
present invention are possible in light of the above 
15 teachings. Therefore, within the scope of the appended 
claims, the present invention may be practiced other than 
as specifically described. 


